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ABSTRACT

Background: The varicella vaccine is not included in the national childhood immunization schedules in
China, although one-dose varicella vaccine has been suggested for susceptible children aged 1-12 years
in Jiangsu Province. However, varicella epidemics and outbreaks are frequently reported. We investi-
gated a varicella outbreak in an elementary school to explore the risk factors for varicella transmission
and vaccine failure.

Methods: A 1:2 matched case-control study was carried out. Participant data were collected with
standardized questionnaires. For each case, we enrolled two controls: a subject with high exposure in
the same classroom as the case and a subject with low exposure in a different classroom. Data regarding
vaccination status and medical and exposure histories were analyzed.

Results: Fifty-one cases were reported during the outbreak; 26 cases (51%) were breakthrough varicella.
Varicella vaccine immunization history (P < .001, OR = 0.19, 95% Cl = 0.08-0.45) and the presence of siblings
(P =.037, OR = 0.45, 95% Cl = 0.21-0.95) were protective factors in preventing varicella infection. Contact
with varicella patients increased the risk of varicella infection (P = .028, OR = 3.39, 95% Cl = 1.14-10.09).
Breakthrough varicella cases tended to present a milder rash (P = .049), fewer complications (P = .02), fewer
rash sites (P = .02) and a shorter duration of active lesions (P = .001). One pneumonia case and one
encephalitis case were reported in breakthrough cases. Age <15 months at the time of vaccination increased
the risk of breakthrough varicella (P = .012). The adjusted vaccine effectiveness was 81%.

Conclusions: One-dose varicella vaccine is effective at alleviating clinical manifestations. The moderate
coverage provided by one dose cannot prevent varicella outbreaks, and vaccination after 15 months of
age should be considered in the immunization schedule; a two-dose strategy is highly recommended.
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1. Introduction

Varicella is a highly contagious acute respiratory disease
caused by a primary infection with the varicella zoster virus
(VZV). It is characterized by systemic papules and pruritic
varicella rashes, which are common in children and can lead
to serious complications, such as pneumonia, encephalitis and
even death'. According to the China Information System for
Disease Control and Prevention, in 2017, the incidence rate of
reported varicella was over 40/100,000 population in Jiangsu,
China, and varicella dominated all public health emergencies
caused by infectious diseases. Varicella disease has become an
increasingly serious issue for public health in China.

The live attenuated varicella vaccine (Oka strain) is now
widely available globally and has been shown to be the most
effective measure for the prevention and control of varicella.*™*
In China, the varicella vaccine was first licensed for use as
a single dose in 1998 for children aged at least 12 months of
ages.” In some countries, such as the USA and Canada, varicella
incidence and the following complications have been reduced
by a routine childhood immunization programme.® Although

the varicella vaccine is not included in the national childhood
immunization schedules in China,” the one-dose varicella vac-
cine has been suggested for children aged 1-12 years based on
the guidelines for disease control. Although the coverage of the
one-dose varicella vaccine has reached approximately 70%, 174
varicella outbreaks were reported in Jiangsu Province, China in
2018. Varicella is epidemic in Jiangsu, especially in children
who received the one-dose varicella vaccine, and similar studies
were limited. To explore the risk factors for varicella transmis-
sion and breakthrough cases, a 1:2 case-control study was
conducted in an outbreak reported in a primary school in the
southern region of Jiangsu Province, China.

2. Materials and methods
2.1. Outbreak setting

The outbreak took place in a public elementary school (School
A) in the southern region of Jiangsu Province and involved
first, second, fifth and sixth grade students. During the out-
break, 1461 students attended School A. The two three-story
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school buildings (north and south) included 33 classrooms
with five classrooms for Grade 1, five for grade 2, five for
grade 3, six for grade 4, six for grade 5 and six for grade 6.
The school has two “buildings” connected at the north and
south ends respectively and grade 1 and grade 2 were on the
first floor, grade 3 and grade 4 were on the second floor, and
grade 5 and grade 6 were on the third floor. Students had
contact with other students in other grades in the school
canteen, hallways, playground, and school buses.

2.2, Study design

A 1:2 retrospective case-control study was initiated in June 2018
in Jiangsu Province, China. A case of varicella was defined as
a pruritic maculopapular rash without another apparent cause
that occurred from April 4 to May 19, 2018 in a student attend-
ing School A. Varicella and its complications were diagnosed by
experienced doctors at the local hospital, who reported varicella
in the National Disease Reporting System. The typical clinical
manifestations for making a diagnosis are acute onset, and it
may be accompanied with prodromal symptoms such as fever.
The rash begins with red pimples, which then turn into vesicles
within a few hours. As the herpes fluid becomes feculent, the
vesicles rupture and ultimately scab. Breakthrough varicella was
defined as a varicella-like rash that developed > 42 days after
varicella vaccination. All cases were identified from the National
Disease Reporting System. For each case, we enrolled two con-
trols who had not had varicella: a subject with high exposure in
the same classroom with the case and a subject with low expose
in a different classroom in the same grade.

The inclusion criteria for cases were as follows: (1) newly
diagnosed clinical cases during this outbreak; (2) parents
provided informed consent for the investigation; and (3) the
children had complete medical information. The exclusion
criteria for cases were as follows: (1) children had chronic
dermatologic diseases including urticaria papulosa and pust-
ular eruption that could interfere with the investigation. The
inclusion criteria for controls were as follows: (1) children
attended the same grade as the case; and (2) parents provided
informed consent for the investigation. The exclusion criteria
for controls were as follows: (1) children had a history of the
disease; (2) children had an incomplete medical information.

2.3. Data collection

A questionnaire was completed through investigator inter-
views with the students’ parents. The contents of the ques-
tionnaire included demographic information, varicella
vaccination status, medical and exposure history and health
habits. The questionnaire for the cases also included clinical
manifestations, including the presence of fever, disease
severity, rash sites, complications, and duration of active
lesions. Our study protocol was submitted to the Jiangsu
CDC Ethics Committee to receive a waiver. The varicella
vaccination history of each student before the outbreak was
obtained from the vaccination card or the Jiangsu Provincial
Vaccine and Immunization Management System. The sys-
tem records children’s vaccination information provided by
the nurses at the Vaccination Service Center (VSC), who
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input information, including the type of vaccine, vaccination
time, and vaccine manufacturer, when they vaccinate chil-
dren. Rash severity was categorized as mild (<50 lesions),
moderate (50-499 lesions), or severe (=500 lesions). Severe
complications include pneumonia, encephalitis, secondary
bacterial infections, osteomyelitis, and sepsisl.

2.4. Statistical analyses

Varicella vaccine coverage before the outbreak was calculated as
the proportion of vaccinated students among the target students in
the school. Varicella vaccine effectiveness (VE) was calculated as
(1-OR) x100%. Comparisons of categorical data were performed
using the Pearson chi-square test or Fisher exact test. A conditional
logistic regression analyses was used for the 1:2 case-control study
to determine the factors leading to varicella infection and break-
through varicella. Univariate regression variables with statistical
significance were incorporated as adjustment variables into the
multivariate regression model. The odds ratio (OR) with a 95%
confidence interval (CI) was calculated. A p-value <0.05 was
considered statistically significant. All statistical analyses were
performed with R 3.5.0 software (R Foundation for Statistical
Computing, Vienna, Austria).

3. Results
3.1. Outbreak

The outbreak lasted 45 days, from April 4 through May 19,
2018. There were 1461 students in School A, and the outbreak
spread to grade 1, grade 2, grade 5 and grade 6, with no cases in
grade 3 or grade 4. The inclusion steps are summarized in
Figure 1. All of the cases were students. Among the 942
students in the study, 413 (43.8%) were female, and 601
(63.8%) had received the varicella vaccination before the out-
break. There were 51 cases in the outbreak; 35 (68.6%) were in
grade 2, and 23 (45.1%) were female. The characteristics of
students who were involved in the outbreak are summarized in
Table 1. The varicella vaccine coverage percentages were 71.3%,
69.1%, 66.5%, 64.2%, 61.3% and 57.9% from grade 1 to grade 6,
respectively. The overall attack rate was 5.5%, with 3.2%, 15.4%,
2.9%, and 0.5% in grades 1, 2, 5 and 6, respectively.

The index case was an 8-year-old boy from class 4 of grade
2 who was exposed to a neighborhood playmate with varicella;
this boy had received a one-dose varicella vaccine before the
outbreak. He had an onset of rash on April 1 and attended
school the next day. With a generalized rash consisting of < 50
lesions, he was mildly ill and developed a headache. The
outbreak was restricted to 9 classrooms in School A: 3 class-
rooms of grades 2 and 5, 2 classrooms of grade 1, and one of
grade 6. Of the 51 cases, 26 had a history of varicella vaccina-
tion, and only one peak of cases (n = 24) was observed in this
outbreak on April 15-16 (Figure 2).

3.2. Clinical features of the cases

Except for fever, significant differences were observed in rash
severity, complications, number of rash sites, and duration of
active lesions (see Table 2). In most of the vaccinated cases,



508 Y. WANG ET AL.

Students in School A (n=1462)

Students in grades that were

Y

not involved varicella cases

Y

were excluded (n=520)

942 students were enrolled

66 students were ineligible
due to a history of varicella.
39 students were ineligible
due to incomplete medical

v v

Y

history

45 students were ineligible
because their parents refused
to sign informed consents

Students diagnosed

with varicella eligible

741 students were

v

102 controls (1:

51 cases case-control)

Figure 1. Inclusion steps for cases and controls.

Table 1. Characteristics of different grades involved in the outbreak in Jiangsu
Province, China.

Grade 1 Grade 2 Grade 5 Grade 6

(N=223) (N=228) (N=275 (N =216)
Characteristic Cases (AR?) Cases (AR) Cases (AR) Cases (AR)
Ages (years) Median Sex 7.3 83 1.1 12.4
Female 3 (1.4%) 14 (6.2%) 5 (1.8%) 1 (0.5%)
Male 4 (1.8%) 21 (9.2%) 3 (1.1%) 0 (0.0%)
Susceptibility
History of varicella 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
Unvaccinated 3 (1.4%) 16 (7.0%) 5 (1.8%) 1 (0.5%)
Vaccinated 4 (1.8%) 19 (8.4%) 3 (1.1%) 0 (0.0%)
Total 7 (3.2%) 35 (15.4%) 8 (2.9%) 1 (0.5%)

9AR: attack rate

rash severity was mild, the number of rash sites was fewer
than 5, and the duration of active lesions was fewer than
10 days. Complications were reported in 3 vaccinated cases,
including 1 with headache and 2 with vomiting, while 10
complications were reported in unvaccinated cases, including
4 with nausea, 3 with sore throat, 1 with vomiting, 1 with
pneumonia, and 1 with encephalitis.

3.3. Vaccine effectiveness and risk factors leading to the
varicella outbreak

Varicella vaccination was a protective factor against varicella
transmission (crude OR = 0.25, adjusted OR = 0.19). The

crude VE was 75% (95% CI = 46%-89%), and the adjusted
VE was 81% (95% CI = 55%-92%). Contact with varicella
patients increased the risk of developing varicella (adjusted
OR = 3.39, 95% CI = 1.14-10.09). The prevalence of siblings
was a protective factor in the multivariate regression model
(adjusted OR = 0.45, 95% CI = 0.21-0.95). Data are presented
in Table 3.

3.4. Risk factors for vaccine failure

As Table 4 shows, vaccination at <15 months of age was
more likely to be associated with vaccine failure (P = .012).
The median interval between vaccination and the onset of
the varicella rash in cases of breakthrough varicella was
81 (71-84) months. In addition, time since vaccination
(< 5 years vs. >5 years) was not associated with varicella
failure in this outbreak (P = .505) (see Figure 3).

4. Discussion

Through a 1:2 case-control survey, we investigated a varicella
outbreak in a Jiangsu elementary school, where the one-dose
varicella vaccine coverage was 64.5%, indicating that
a moderate coverage of the one-dose varicella vaccine cannot
interrupt the transmission of varicella.*'* We also found
milder disease in vaccinated cases compared to unvaccinated
cases, and varicella vaccination and the presence of siblings



12
1
10

Number of students with varicella

© = N W b O O N O

HUMAN VACCINES & IMMUNOTHERAPEUTICS . 509

El unvaccinated

Bl vaccinated

2-Apr 14-Apr 15-Apr 16-Apr 17-Apr 18-Apr 19-Apr 23-Apr 29-Apr 30-Apr 1-May 2-May 3-May 4-May 5-May 10-May 19-May

Date of rash onset

Figure 2. Varicella cases by date of rash onset and vaccination status.

Table 2. Comparisons of clinical features of vaccinated and unvaccinated cases.

Vaccinated Unvaccinated

Clinical features (N, %) (N, %) X P-value
Fever 0943 0.332
Yes 9 (34.6) 12 (48)
No 17 (65.4) 13 (52)
Rash severity 5.453 0.049*
Mild (<50 lesions) 23 (88.5) 15 (60)
Moderate (50-499 lesions) 3(11.5) 8 (32)
Severe (=500 lesions) 0 (0.0) 2 (8)
Complications 5436 0.02
Yes 3 (11.5) 10 (40)
No 23 (88.5) 15 (60)
Number of rash sites 7.783 0.02
1-2 7 (26.9) 8 (32)
3-4 12 (46.2) 3(12)
>5 7 (26.9) 14 (56)
Duration of active lesions 10.702  0.001
<10 days 17 (65.4) 5 (20)
>10 days 9 (34.6) 20 (80)

*Fisher's exact test.

were protective factors that prevented varicella infection,
while age <15 months at the time of vaccination increased
the risk of breakthrough varicella. All these findings add new
evidence supporting the introduction of the two-dose varicella
vaccine in children older than 15 months. In addition, this
study provides important guidance for the prevention and
control of varicella in Jiangsu Province. Although studying
in the same school and sharing the canteen, playground and
transport, no students in grades 3 and 4 suffered from var-
icella. Grades 3 and 4 were on a different floor than the other
grades, and therefore, students of those grades were less likely
to be exposed to the VZV virus. Students were immediately
isolated after being diagnosed with varicella, and all collective
activities were canceled. This may suggest that infection was
mainly due to the presence of the VZV virus in the teaching
area. Although the one-dose varicella vaccine provided insuf-
ficient protection against breakthrough cases,''** the clinical
manifestations of breakthrough varicella tended to be mild or
moderate. The results of this study showed that the one-dose
varicella vaccination was highly effective in alleviating the

clinical manifestations. Additionally, breakthrough cases had
a shorter duration of active lesions and fewer rash sites, as
shown in previous published studies.>'>'® Serious complica-
tions, such as pneumonia and encephalitis, occurred in unvac-
cinated students.

The adjusted ORs showed that the presence of siblings,
contact with varicella patients and having received the one-
dose varicella vaccine were associated with the varicella out-
break. As previous findings have shown, contact, especially
with those exposed to varicella cases in schools, can effectively
transmit varicella in a very short time due to the high contact
rate among students.>'” Students who had contact with var-
icella patients were 3.39 times more likely to contract varicella
than those who did not. While a case-control study demon-
strated that the children living in the same room with other
children had a higher risk of varicella infection compared to
those living alone,” this study indicated that the presence of
siblings reduced the risk of varicella infection and was
a protective factor. We found that most of the subjects’ sib-
lings also had been vaccinated with the varicella vaccine,
which implied that a moderate level of coverage can partly
interrupt the transmission of varicella, especially in one
family. This is consistent with other reports that children
with siblings had a higher proportion of VZV antibody
seroprevalence.'®"”

The adjusted VE (81%) was similar to that calculated in
a meta-analysis of 42 studies on the varicella vaccine®® and
clearly showed that the one-dose varicella vaccination was
effective at preventing varicella infection. The WHO has sug-
gested that vaccine coverage should be maintained at 280%, and
for a one dose strategy, a coverage level >85% has been sug-
gested in Australia. Nevertheless, the one-dose varicella vaccine
strategy, regardless of whether the coverage was low, high or
moderate, has not prevented outbreaks in China.'®*"**The age
at initial varicella vaccination was identified as a factor for
vaccine fajlure in this study, as we found that children who
received the first varicella vaccine at < 15 months of age had
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Table 3. Risk factors for varicella infection in the outbreak, Jiangsu Province, China.

Controls Adjusted OR *
Variable Cases n (%) n (%) P-value Crude OR (OR95% Cl) P-value* (OR 95% Cl)
Age (years) 87+ 14 8.7 +1.1 0.563 0.16(0.86-1.32) 0.512 1.04(0.84-1.36)
X+£s
Sex Female 23 (45.1) 43 (42.2) 0.787 1.09 (0.58-2.06) 0.276 1.50 (0.72-3.13)
Male 28 (54.9) 59 (47.8) 1 1
Presence of siblings Yes 20 (39.2) 56 (54.9) 0.081 0.56 (0.29-1.08) 0.037 0.45 (0.21-0.95)
No 31 (60.8) 46 (45.1) 1 1
Region Locals 22 (43.1) 41 (67.2) 0.776 1.08 (0.62-1.89) 0.663 0.82 (0.34-1.99)
Outsiders 29 (56.9) 61 (32.8) 1 1
Contact with varicella patients Yes 42 (82.3) 69 (67.6) 0.071 2.38 (0.93-6.11) 0.028 3.39 (1.14-10.09)
No 9(17.7) 33 (324) 1 1
Transportation to school Private car 14 (27.5) 20 (19.6) 0.247 1.46 (0.77-2.74) 0.136 2.14 (0.79-5.84)
School bus 7 (13.7) 6 (8.8) 0.125 1.90 (0.84-4.33) 0.265 2.12 (0.57-7.91)
Walking 30 (58.8) 76 (71.6) 1 1
Frequency of hand washing Frequently 8 (15.7 18 (17.6) 0.427 0.58 (0.15-2.23) 0.907 0.91 (0.19-4.24)
Sometimes 30 (58.8) 64 (62.7) 0.347 0.69 (0.28-1.58) 0.333 0.61 (0.22-1.67)
Seldom 13 (25.5) 20 (19.7) 1 1
Vaccination status One-dose 26 (51) 83 (81.4) <0.001 0.25 (0.11-0.5) <0.001 0.19 (0.08-0.45)
Unvaccinated 25 (49) 19 (18.6) 1 1

*Adjusted for the presence of siblings, contact with varicella patients and vaccination status.

Table 4. Potential risk factors for varicella failure.

Vaccinated Vaccinated
students with students without
varicella varicella
Variable (n, %) (n, %) P value*
Age (years)
Median (quartile) 8.17 (6.5-11.5) 8.29 (6.8-11.9) 0.841
Sex 0.572
Males 12 (46.2) 28 (53.8)
Females 14 (53.8) 24 (46.2)
Age at vaccination 0.012
< 15 months 15 (56.7) 14 (26.9)
> 15 months 11 (43.3) 38 (73.1)
Time since vaccination 0.505
before outbreak
< 5 years 5(19.2) 7 (13.5)
>5 years 21 (80.8) 45 (86.5)

*Conditional logistic regression analysis.

a significantly higher risk of developing a breakthrough case in
the following 2-5 years. The potential mechanism may be
related to the immature immune system in younger children
compared to the immune system in those older than
15 months.*®** Study showed that maternal antibodies have
a negative impact on infant antibody responses in an epitope-
specific and titer-specific manner.>* This suggests that transpla-
centally acquired maternal anti-varicella Abs may reduce the
vaccine effectiveness in younger children. The estimated dura-
tion of protection against varicella by maternal antibodies
among infants in the general population is 3.4 months.*
Previous investigations demonstrated that time since vaccina-
tion, such as five years, could be a risk factor for breakthrough
varicella.”**° This suggests that immunity wanes with time; the
initial response to the varicella vaccination is attenuated and the
effectiveness over time is reduced for a one-dose vaccine.
However, another case-control study showed that the vaccine
provided stable levels of protection during the 2-8 years after
vaccination.”® In our study, time since vaccination was not
associated with an increased risk of vaccine failure. As
Figure 3 shows, it seems that there was a similar tendency of

the interval between vaccination and infection for vaccinated
cases compared to vaccinated cases without varicella.

There are limitations in this study. First, as a case-control
study, although selection targets had strict inclusion and
exclusion criteria, selection bias was still difficult to avoid.
The chronological order of exposure and disease was usually
difficult to judge. Second, some data, such as exposure history
and number of rash sites, were collected according to parent
recall, and there may be recall bias.

In summary, a single-dose varicella vaccine is highly effec-
tive at preventing varicella infection but cannot interrupt
outbreaks in school settings in Jiangsu Province, China. This
study demonstrated that in settings with moderate varicella
vaccine coverage, contact history was a risk factor, and the
presence of siblings may be a protective factor in varicella
outbreaks. A two-dose varicella vaccine schedule should be
recommended for children before primary school, and vacci-
nation after 15 months of age should be considered in the
immunization schedule.
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